The tisslte reactions to materials of the cltif of recently dl'7'c/oped high volllme, low pressure tracheostomy tu ht's were assessed by intra-abdominal and intra-nasal implantation in rats. Intra-abdominal implantation over a maximum of threc months showed that the polyurethane and silicone was walled of! by fihrous tissue alld foreign body giant cells. The degree of giant cell reaction ,('as similar to that seen about silk sutures. There was /l0 el'idcnce of hepatic or rCllal toxicity. Polyurethane foam also caused some inflammation and ulceration of nasal mucosa when it was implanted for six days. The degree of ulceration and inflammation ,vas greater thall that secII about all illert implant (cotton w·oo!). Further, there was progression rather than rev('Ysal of these mucosal changes when the foam was removed. These findin{!,s are disC/lssed alld it is conclllded that the demonstrated reactiolls of the tissues to the cllf! II/aterial is acceptable ,chen related to tlie clinical usage of these cuffed tubes.
* The Kamen-\Yilkinson Tube, Bivona, Surgical tube is manufactured from similar materials to those in conventional tubes and hence was not tested.
Systemic toxicity was assessed by intraabdominal cavity implantation. The direct effect of the materials on respiratory mucosa was assessed hy intra-nasal implantation.
:\lATERIAL AND .\lETHOI)S (a) Intra-abdominal implallts.
Three groups of four mature female Sprague-Dawley strain rats were used. Laparotomy using open ether anaesthesia and under a sterile surgical technique was performed on all rats. In three from each group, a standard sized piece (0·5 cm cubed) of polyurethane foam and silieone was sutured to the abdominal muscular wall one on each side 1·5 cm from the midline. The sheet of liilieonewasin direct contact with the peritoneum and the foam in contact with the viscera. In the fourth rat of each group only silk sutures were placed bilaterally in the abdominal wall. t The laparotomy was closed in layers and the animals maintained under standard environmental conditions in an animal house on rat pellets and water ab libatum. The first group of rats was sacrificed by ether overdose after seven days, the second group after one month, and the third after three Instruments Inc .. P.C). Box (1) Gross appearance of rat.
(2) Gross appearance of abdominal viscera.
(3) Histologic examination of the implanted material and surrounding tissues; and (4-) Histologic examination of the kidney and liver. The gross appearance of the abdominal viscera was recorded by a colour photograph and tissues for histological examination were fixed in formo-saline, dehydrated and embedded in paraffin wax. Considerable difficulty was experienced in preparing sections as alcohol dehydrations made polyurethane foam exceedingly hard and brittle. This was overcome by cutting single 8 micron sections on a sledge microtome after freezing the paraffin block with ice. Glass slides were subbed with albumin solution to ensure attachment of the section to the slide. All sections were stained with haematoxylin and eosin by routine techniques.
Three groups of four mature female Sprague-Dawley rats were used. Implant materials were placed in the right nasal passage by sterile ... technique under open ether anaesthesia and local analgesia (one ml of two per cent Lignocaine with 1: 80,000 adrenaline). Access was obtained by a lateral rhinotomy incision and a standard size piece of material (10 X 3 X 3 mm) was gently inserted into the right nasal passage. The material was secured and the rhinotomy incision closed by a single silk suture. The animals were maintained under similar conditions to those in the intra-abdominal trials and were sacrificed accordin/! to the following schedule: Group 1: Polyurethane foam implant, sacrificed after six days. Group 2: Cotton wool implant, sacrificed after six days. Group 3: Polyurethane foam implant, implant removed after six days, let recover for a further six days, then sacrificed for examination. All animals were sacrificed by ether overdosage. Observations were made of the gross appearance of the rat, and the maxillae were removed and fixed in formo-saline. The bones were decalcified to facilitate sectioning and were then double embedded in paraffin wax. Single sections were taken from ice-cold blocks using a sledge microtome. All sections were taken from the posterior part of the nasal chamber, and were stained using haematoxylin and eGsin.
RESULTS

(a) Intra-abdominal implants.
Group 1 (Implant one week): All four rats looked fit and well, had not lost weight and the laparotomy wounds had healed. The implants were completely enveloped by mesentery with associated small bowel. The mesentery and bowel was not hyperaemic but was of normal colour and texture. The bowel was not obstructed. The muscles and peritoneal lining was of normal colour and thickness. The control rat, with sutures only, had attachment of mesentery to the sutures to a lesser degree than the animals with implanted material. In all four rats no gross visceral pathology was noted. Histologically there was a small amount of acute inflammation in the mesentery directly related to the implant material ( Figure] ). The predominant cells were polymorphonuclear leucocytes. There was no inflammation in tissues at a distance from the implant and the bowel walls and abdominal muscles were not inflamed. There was a mild acute inflammatory reaction in the abdominal muscles directly associated with the sutures in both control and experimental animals.
In both control and experimental animals the kidney and liver were histologically normal.
Group 2 (Implant one month): All animals except one appeared fit and well. The two fit experimental animals had a much lesser degree of mesentery attachment to the implants than the animals sacrificed at one week. The mesentery, associated bowel and remaining viscera were all normal in appearance. The control rat had no attachment of mesentery to the sutures and the viscera were normal.
In the remaining one experimental rat, although it appeared fit and behaved normally, it was found at sacrifice to have a one cm, non-suppurating ulcer in the right groin. Intraabdominally there was an encapsulated four cm mass directly attached to the ulcer. The implant on the right side was dose to the lump, and the left one was totally unrelated to it. No other abdominal visceral pathology was noted. The mass was excised and histological sections showed a chronically inflamed fibrous capsule surrounding a centr<ll mass of caseous material. Filamentous micro-organisms were demonstrated in the centre of this mass. There was no evidence of malignancy. The opinion of a consultant veterinary histopathologist was sought and this concurred with the authors opinion that it was a granuloma resulting from wound infection by gram-negative filamentous organisms which arc normal skin residents in the rat. If the abdominal cavity becomes contaminated with rat hair, a low grade, destructive, non-suppurating granulomatous lesion will ensue. Histologically all implants (including the rat with the granuloma) appeared similar. There was no acute or chronic inflammation associated with the implants. The surrounding mesentery was more dense and fibrous than in the Group 1 animals and small giant cells were a~sociated with the fragments of implanted material (Figure 2) . Giant cells were also seen about the sutures in both experimental and control animals. Histologically all kidneys and li·, ers were normal.
Group 3 (Implant three months): All rats appeared fit and well. There was minimal attachment of mesentery to the implant material, and no attachment of mesentery to the sutures in the control animal. There was no gross evidence of visceral pathology. Histologically there was no evidence of acute or chronic inflammation in the mesentery or other structures. The implant material was associated with large giant cells and a fairly fibrous mesentery (Figure 3) . Giant cells were seen around the sutures in both experimental and control animals (Figure 4) .
Histologically the kidney and liver in all rats were normal.
Anaesthesia and Intmsivl' Care. 1'01. 11, So. u, August, 1974 (b) Intra-nasal implants.
All rats were fit and well during the course of the experiment. Initially all experienced some respiratory embarrassment, but this was not evident a few hours after implantation. In most animals there was some crusting about the external nares and some animals scratched the fur from the side of their snouts in the area of the suture. There was no frank ulceration and none appeared to develop serious infection. None of the animals received antibiotics. Group 1 (Implant six days): Histologically there was an intense acute inflammation in the submucosa directly in contact with the implants. In three animals there was ulceration ( Figure 5 ) and in one squamous metaplasia of the respiratory epithelium. The underlying cartilage of the nasal septum was not exposed.
The left nostril (control side) showed some hyperaemia but was otherwise not inflamed. There was no change III the respiratory epithelium.
Group 2 (Cotton wool six days): Histologically there was acute inflammation of the FIGlJRE 6.--\Yheatsheafing of contact with cotton wool at 6 days. and eosin. X :!"o. epithelium in Haematoxylin submucosa in direct contact with the material. This inflammation was not as severe as that seen in Group 1. In two rats the respiratory epithelium showed some thickening and separation between individual cells but was basically intact (Figure 6 ). In the other two rats there FIGURE 7.-Squamous metaplasia of nasal mucosa on the side of polyurethane implantation at 6 days after withdrawal, control side shows nomlal histology.
Haematoxylin and eosin. X 100.
was some squamous metaplasia with small areas of ulceration where the cotton wool was in direct contact with the mucosa. The control side of the nose was essentially not inflamed. Group .) (Implant six days, removed six days): Histologically there ,vas old blood in the nasal cavity on the experimental side. The respiratory epitheliulll was either ulcerated or had undergone squamous metaplasia (Figure 7) .
The underlying submucosa was acutely inflamed to a greater degree in Group 1, and the cartilage of the nasal cavitv was resorhed. In onc animal there was perfora'tion of the nasal septum. The control side was acute Iv inflamed hut less so than the experimental s'ide.
DISCl'SSlO:\
It is important that materials which are to be in contact with body tissues over prolonged periods should be non-toxic and inert. Ideally, this testing should be done prior to introduction to clinical usage. The method of testing for toxicity is important and should he related as near as possible to the clinical usage of the material. I n this trial the material was tested for both its svstcmic toxicity and its direct effect on respiratory epitheliufn.
There are numerous techniques of assessing systemic toxicity. Some, such as those laid down by the British Standard Institute (195.\-) and the [hi ded States Pharmacopoca (IlHi5) for toxicity arc clearly invalid for the present trials as they arc of brief duration, requiring only gross examination and would only detect grossly toxic materials. I ntra-ahdominal implantation (Fitzpatrick 1 !W8, 1 H{)i)a) was used as this allows direct contact of the material with a range of tissues over a long duration.
Apart from some initial acute inflammation this studv shows that the material was well toh'rated'in the 1 at abdominal cavit\'. No lymphadenopathy, hepatic or renal t~oxicity was observed over the three-rr.onth period. The only reaction was some def!ree of fibrous walling-off of the material and associated foreif!n-body giant cell reaction. The degree of rC8ction \\'as similar to that which has been well documented as occurring about silk sutures (tilly 19ti8, Britt ct al. J Hol).
Whether or not walling-off by fl brous tissue or a foreign body giant-cell reaction is an acceptable degree of inertness must be related to the clinical usage of the material. For example flhrous walling of permanent implants SUcll as breast prosthcses is unacceptable as this fihrous envelope carries a significant risk of becoming infected (Friedenberg and Lawrence 1959) . Similarly, for long term, permanent implantation, giant-cell formation may be indicative of host rejection (Edgerton, Peterson and Edgerton J957) . \Yith respect to a cuffed endotracheal tube in prolonged contact with the trachea the localized giant-cell reaction and complete lack of systemic toxicity is an acceptable degree of inertness fnr the clinical requirements of these materials.
These trials wcre of insufficient length to test the neoplastic induction potential of the cuffed materials. Sarcomas arising from the site of implantation in rats and mice after a period of 18 to :!J months have been well documented in the literature (Hueper J9tiO) . However, this type of reaction has not been seen in lalger animals sucll as dogs, rabbits or humans (Harris ] 9ti 1).
As these materials are for use in humans for a few months only, it was not considered necessary to extend the implantation period to assess the neoplastic induction potential. Further, \\'oolrich (1970) states that although urethane has been demonstrated to induce neoplasms in rats, polyurethane in fart is a misnomer and is not a polymer of urcthane. Hence, polyurethane does not necessarily han' similar properties to urethane.
It is difficult to test the direct action of materials on the respiratory mucosa of the trachea of small animals without causing respiratory obstruction. Hence a small piece of material was sutured within one nasal passage. This allowed the animal to breathe through the other passage which also acted as the control side to the experiment. This model tested the direct effect of the material on the nasal mucosa. To assess the effect of bacterial colonization in the material on the nasal passages a second group (Group:!) had a similar sized piece of cotton wool implanted. Cotton wool which is relatively inert would act only as a physical irritant and site of bacterial colonization, whereas the implanted polyurethane could have toxic effects as well. When Group 2 was compared to Group 1 it was found t11<1.t the cotton wool caused less damage to the nasal mucosa and underlying cartilage than implanted polyurethane, hence there was some degree of direct toxicity.
It is important also to know whether any effect of the material on the nasal mucosa is reversible or not. In Group 3 the material was removed and six days allowed for possible healing. I t was found that the damage in Group 3 was cOllsiderably greater than in AlIlI<'sthl'sia ami 1ntl'llSivl' Care, j'oZ. 11, No. :;, August, 1.'174 Group I, hence the changes which occurred were not reversible but progressed.
The results of these trials of intra-nasal implantation need to be considered carefully. Certainly direct contact between the polyurethane foam and the nasal mucosa is not completely analogous with polyurethane foam enclosed in silicone in contact with tracheal mucosa. The authors are investigating the effect of complete cuffs and endotracheal tubes in relaxed, ventilated large animals, but in this situation there is direct contact under pressure plus ventilatory movements whereas in the nasal trials there is only direct contact without pressure or movement. The effect of a similar sized porous foreign body in the nasal chamber has been assessed by implanting cotton wool. If the polyurethane foam had been grossly toxic to the well differentiated epithelium and underlying mucosa of the nasal chamber there would have been considerable necrosis. In fact the epithelium showed only limited ulceration.
The other point is that clinically the polyurethane foam is normally covered by silicone rubber. It should be noted that puncture of the silicone is not immediately obvious and will only be detected when attempts are made to deflate the cuff. Secondly, silicone is porous, so that toxic compounds could diffuse through.
Hence, in conclusion the materials which form the cuff have no significant systemic toxic effect and little toxic effect on contact with nasal mucosa.
